introduction
The notion of risk management is present in the modern market economy in numerous semantic versions, contexts and practical applications which does not make it easy to develop a consistent concept and structure of the risk management process. However, focusing on pure risks only (their outcome can be a loss or no loss/no gain) it may be assumed that "risk management is a scientific approach to handling pure risks by anticipating possible accidental losses and by designing and introducing procedures which minimize the presence of losses or compensate them in financial terms if they do occur" (Vaughan, 1997) . The list of possible risk financing techniques, referred to in the final part of the above definition, includes: insurance, risk retention, self-insurance, captive insurance, other non-insurance transfer of risk. Selecting the method of risk financing by a specific entity may depend on factors such as: the frequency of damage, the size of damage, financial resources and the size of an organization, and the cost of insurance (Baranoff, 2000) .
Farmers are exposed to many natural perils like heavy rain, flood, drought, snow, low temperatures, storms, etc. Natural perils which seriously threaten agricultural activities are classified as LFHS events (low frequency -high severity), namely risks with a low likelihood of occurrence but a high damage potential. Insurance is believed to be the most proper technique of risk financing regarding the catastrophic risk (Rejda, 2008) . The purchase of crop insurance seems to be a rational decision. Nevertheless, many farmers do not buy crop insurance despite the high risk exposure in agribusiness (Kunreuther, 1984 (Kunreuther, , 1996 Kunreuther, Meyer and Michel-Kerjan, 2013) . This paradox rises an interesting research question about motives and determinants of crop insurance purchase. There is a need for extensive empirical study that could provide policymakers with relevant insights into this issue.
The purpose of the paper is to compare population of farmers that bought crop insurance with farmers that are uninsured. Based thereon, the author identified features characterizing the insured farmers. These findings were applied to draw more general conclusions on factors influencing the insurance awareness and propensity to buy insurance coverage. Demographic, social and economic criteria, individual perception of risk, the loss ratio, and the willingness to pay the insurance premium were taken into consideration.
Numerous studies of crop insurance demand have found that the adoption of crop insurance is positively correlated with having experienced disasters in the past (Cai, Chen, Fang and Zhou, 2009; Fraser, 1992; Garrido and Zilberman, 2008; Sherrick, Barry, Ellinger and Schnitkey, 2004) . It was proved that farmers who are more risk averse or perceive greater risk than others are more likely to participate in crop insurance (Sherrick et al., 2004) . Moreover, the demand for crop insurance is found to be highly price sensitive, so examining the level of acceptable insurance premium becomes an important issue (Liu, Tang, Ge and Miranda, 2019) . Farmers' education, wealth and risk aversion are all significant factors affecting rural households' insurance take-up decisions (Hazell et al., 2010) .
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The research problem formulated above and the purpose of the study addresses one main hypothesis. Empirical verification of the hypothesis is the object of further part of the study.
The main hypothesis is that the population of insured farmers with crop insurance is significantly different (in statistical terms) from the population of uninsured farmers, at least in terms of one of the following features: 1) age of a farmer, 2) level of education of a farmer, 3) area of crop production on a farm, 4) annual revenue of a farm, 5) historical losses in crops caused by natural perils, 6) individual assessment of the perceived risk, 7) relative individual risk assessment (risk exposure perceived by a farmer in comparison to general risk exposure in agriculture), 8) willingness to pay for crop insurance.
As a result of the study, the answer to a simple, but non-trivial question was found: Which farmers buy crop insurance in Poland? Based on our empirical research and the own survey among 150 Polish crop producers, the answer is not surprising: Those who have larger area of farmland, higher income from crop production, those farmers who suffered damage to crops caused by natural risks -and last but not least -those farmers who are ready to pay higher premiums for crop insurance than just a minimum.
The remainder of the paper is organized as follows. At first the research sample and design of the survey were explained. It is followed by the description of variables that are relevant in the study and our methodology. Next section contains in-depth presentation and discussion of results. Finally, we conclude with some general remarks.
research sample
Not everyone who lives in the countryside is engaged in agriculture. Even if a farmer owns farmland, it is not certain that agriculture is the only source of income. And even if farmer's income comes entirely from agricultural activity, it cannot be assumed that the farmers, form a homogeneous population. Agriculture is such a diversified field of economy that it is necessary to focus on a distinct, clearly defined research sample. In order to reach farmers who are focused on crop production (i.e. crop production is their basic source of revenues), 1,429,006 agricultural farms with the total crop area exceeding 5 ha 1 (including 1,425,386 of individual farmers) was chosen as a target population for the research. These are entities classified into section A of the Polish Business Classification (PKD). The research sample was limited to agricultural farms that grow crops (classes 01.1 to 01.3 of PKD) because 99.9% of all subsidies to the crop and livestock insurance premium is directed to crop insurance (according to data from the Ministry of Agriculture and Rural Development). Taking into account the above assumptions, the general population is represented by a total of 658,466 crop farmers .
Data necessary to conduct the empirical research was collected using computer assisted telephone interviewing (CATI). This method enables to quantify the received results and apply them to statistical analysis. The survey was conducted in December 2017 on a nation-wide sample of Polish farmers with individual agricultural farms with area of farmland at least 5 ha who specialize in crop production. The 150 complete interview questionnaires were obtained out of the address database consisting of 1,000 contacts. In order to obtain the representativeness of the survey, the research sample was selected using the stratified sampling method which consists in the division of the entire community into strata and direct sampling of independent samples within each stratum. Assuming the voivodeships as the sampling strata, a scheme of sampling reflected the geographical distribution of individual agricultural farms in Poland. The sample was picked at confidence level of 95%, and the error of margin at 5%. The stratified sampling method is considered to meet the conditions of randomness (Steczkowski, 1995) .
description of variables
Information collected from respondents during the survey made it possible to identify variables that are presented in Table 1 . Due to some outliers in primary data, the variables AGE and AREA were coded into ordinal variables.
methodology of research
Non-parametric tests were used to identify factors that differentiate the population of insured farmers from uninsured ones. Non-parametric tests for two independent groups, that are used to verify hypotheses on the evenness of averages (medians), have the following formal notation:
where F 1 and F 2 are cumulative distribution functions of variable X.
The set of data should contain an independent variable (grouping variable) with at least two distinct values (binary variable) which unambiguously identify the affiliation of cases to groups in the set of data. As a result of using non-parametric tests, it is no longer necessary to fulfil the assumptions of the equal quantity of each group, the normality of distribution and the homogeneity of variance. Nonparametric equivalents of the Student's t-test for two independent samples are the Mann-Whitney U test and Kolmogorov-Smirnov test (Stanisz, 2006) .
The Mann-Whitney U test is used to verify the null hypothesis that two randomly selected samples come from a population with the same median. The test requires the variables to be measured at least on the ordinal scale because its methodology is based on ranks. The verification of hypotheses, for the size of each group of more than 20, is based on Z statistics presented by the formula (Stanisz, 2006) : cont. Table 1 ( 2) where n is the total number of observations (n = n 1 + n 2 ), r 1 is the sum of ranks granted to values of the first sample, r 2 is the sum of ranks granted to values of the second sample. In approximation, z statistics have a normal distribution. The test's results take into account the existence of w given bound ranks.
The Kolmogorov-Smirnov test is a weaker equivalent of the test above. It compares not only the location parameters (median, ranks) but also the shape of the distribution of variables (dispersion, skewness). It may be treated as an extension of the Mann-Whitney U test. It is based on the maximum absolute difference between observed cumulative distribution functions of both samples.
discussion of results
The surveyed respondents included farmers in the working age (from 19 to 60+ years old), making the key financial decisions in a household. The sample's age structure may be deemed balanced, without a clear advantage of any age group (Fig. 1 ).
As far as the level of education is concerned, approximately half of the farmers surveyed has completed secondary level of education, while the second most numerous group are farmers with vocational education. It is worth to mention that holders of a master degree constitute a higher percentage among insured farmers than uninsured ones. Source: own study. 
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Another factor subject to analysis was the volume of crop production. It was measured with two variables: the area of farmland used for crop production and annual income (in PLN). Data presented in Figure 2 leads to conclusion that farms with smaller farmland area do not buy crop insurance. It may be related to the scale of their risk exposure. Nearly half of uninsured farmers (approx. 43%) owned farmland smaller than 20 ha, and almost 75% of them managed farms that do not exceed 50 ha. On the other hand, approx. 40% of insured agricultural producers had large-area farms that exceed 100 ha. The majority of insured farmers (53%) conducted their crop production on an area of more than 50 ha.
Similar conclusions can be drawn when looking at the structure of annual income from crop production. The highest value of income (more than PLN 200,000 annually) was earned by approx. 40% of farmers that bought crop insurance policy and only by 12% of farmers without such coverage. Looking at farmers with the lowest annual income (below PLN 20,000) it may be noted that this group includes every third of uninsured farmers and every sixth of insured farmer. It might mean that the higher volume of crop production a farmer reaches, the higher is the probability of crop insurance purchase by the farmer. It is now worth to compare the individual risk perception of insured and uninsured farmers (Fig. 3) . Respondents were asked to make a subjective assessment of the risk of suffering losses in own crop production due to natural perils. They could choose one of six options on the scale describing qualitatively the degree of risk probability. The majority of farmers chose the phrase "hazard is probable" which is the response in the middle of the scale. It proves the farmers awareness of existing natural hazards, but without an excessive concern over the future existence of the farm. The share of insured farmers representing increased risk perception is twice as high as those uninsured (7.35% as compared to 3.66%) -they claim that damage will occur surely or with high probability. The share of farmers who do not perceive the risk or diminish importance of it is at a similar level of approx. 4.5% in both groups. Relative risk assessment should be understood as a subjective, individual assessment of the probability of suffering damage to own crops due to natural perils in comparison with other agricultural farms in Poland. The conducted research leads to a surprising conclusion that insured farmers declare an almost identical relative risk assessment as uninsured ones. The majority of respondents (approx. 70% in both groups) do not perceive their risk exposure as greater or smaller than a certain "national average" in the individual understanding of this notion by each respondent. At the stage of building the survey questionnaire, it was suspected that farmers purchasing insurance may assess the level of risk to their crop as higher than elsewhere which would be a significant stimulus to purchase insurance cover. However, this intuition has not been confirmed. When analysing the distribution of the number of loss events in crops over the last 15 years, interesting dependencies may be observed (Fig. 4) . The majority of uninsured farmers (58.5%) are those who did not experience more than one loss event caused by natural perils. Every fourth uninsured farmer experienced losses twice over the examined period. The group of insured farmers is characterized by higher average loss ratio, because the weighted average number of loss events is 1.85 (as compared to 1.40 for the uninsured). Every seventh insured farmer had 3 losses in crops over the last 15 years and every eleventh -4 losses. It may be thus said that the experience of damage to crops in the past increases the willingness to purchase insurance. It is quite an obvious conclusion, but it still needed empirical verification.
According to theory, willingness to pay (WTP) determines the maximum amount an entity is willing to pay for a good instead of resigning from it (Varian, 1992) . The conditional valuation method is used to estimate the WTP of respondents. It consists in asking a series of specially selected questions to potential users of a given market or non-market good (Miller, Hofstetter, Krohmer and Zhang, 2011) . These questions apply to amounts they would be willing to pay, so that the good is delivered to them (the so-called willingness to pay).
In order to avoid problems with the independent assessment of insurance cost made by people unfamiliar with insurance tariffs, respondents answered a series of dichotomous questions (yes/no response). When they accepted a given price level, the next question with a higher price was read. When this price was accepted as well, the next question with a higher price appeared. An analogous mechanism was planned if the starting price was not accepted. The subsequent questions included lower prices. The insurance price in the survey was defined as the percentage of the insurance sum, similarly to mandatory crop insurance. The levels of prices found in the subsequent questions corresponded to premium rates used on the market, taking into account limits defined in the act on crop and livestock insurance.
The willingness to pay the crop insurance premium of insured farmers is considerably higher than that of uninsured farmers. It turns out that two-thirds of farmers without a crop policy would not be able to pay the minimum premium for it, defined as 1% of the insurance sum, which is a value below market prices. Few farmers would be willing to pay more than 3% for an insurance policy. Farmers who insure their crops are more aware of the real cost of such protection and accept it to a greater extent. Nearly 40% of respondents accept the premium at the level of 3%, 22% would be ready to cover the cost of protection at the rate of 4%. The percentage of farmers looking only for the cheapest insurance (premium rate at1% of the insurance sum) is lower by half than in the group of uninsured farmers.
In the next step of the study, the research hypotheses were empirically verified by statistical tests whether the population of insured farmers is significantly different from the population of uninsured farmers. Various criteria characterizing farmers, such as demographic, social, economic criteria, individual perception of risk, number of losses in crops suffered by a farmer in the past, and willingness to pay for crop insurance, have been taken into consideration.
The Shapiro-Wilk W test of normality of the distribution of variables proved the fact that no variable listed in Table 2 is normally distributed (p-value <0.05). Based on that, non-parametric tests could be applied. 
Regardless of the purchase of crop insurance, the distribution of the education level of respondents is similar (see Table 3 ). A similar conclusion relates to the variable describing age. In addition, the willingness to purchase crop insurance is not a feature which would differentiate the distribution of risk perception between the group of insured and uninsured farmers. This applies both to subjective perception (the RISK variable) and relative perception (RISK_COMP). In other words, population of insured farmers does not differ from population of uninsured farmers if age, level of education, individual risk assessment or relative risk assessment are compared. Test results shown in Table 3 demonstrate that there are four factors that are significantly different when populations of insured and uninsured farmers are compared. These factors are: − size of farm measured by the area of agricultural land (AreA), − volume of crop production measured by the value of annual income of a farmer (iNcoMe), − number of losses in crops caused by natural perils in the last 15 years (Nr_eVeNts), − willingness to pay the crop insurance premium expressed as a percentage of sum insured (wtp).
To summarize, it has been proved that the research hypothesis is correct. There is at least one factor (in fact, there are four factors), which made the population of insured farmers with crop insurance significantly different (in statistical terms) from the population of uninsured farmers.
conclusions
The conducted empirical research showed the complexity of the issue of crop insurance purchase decision-making. The most prominent factors determining the crop insurance purchase were identified. The higher propensity to manage natural perils using risk transfer mechanism can be found among farmers with greater crop production potential, both in terms of the area of farmland as well as earned annual income from crop production. Farmers who experienced more losses in crops due to natural perils as well as those who are willing to pay a higher price for the crop insurance policy usually decided to purchase insurance. On the other hand, despite frequently formulated assumptions, factors such as age, education or perception of risk did not determine the final decision on buying crop insurance.
The topic of crop insurance purchase requires further, in-depth research, preferably on a large and representative research sample. The results showed here may be used by policymakers to shape the policy of support for crop insurance market, especially by improving the system of subsidies from the state budget to crop insurance premiums. Such a system already exists in Poland but still requires some adjustments in order to meet expectations of both farmers and insurance industry. The main problem is to find an optimal mix of premium rates and subsidies that would be acceptable for both sides. This study, particularly in the field of WTP, addresses this problem. Moreover, studying key determinants of demand for crop insurance might prove valuable to insurance companies which could address their insurance offer to farmers more effectively.
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